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INTRODUCTION 
In 1949, Barton and Mazia stated that the spe-
cificities of Desoxyribonucleases (DNases) are of special 
interest for the insight they may give us into the struc-
ture of Deoxyribonucleic acid (DN~) and their possible 
application to a cytochemical study of DNA. 
Their prediction has proved correct. The nu-
cleases are widely used in cytochemistry, and have given 
interesting information on the structure of deoxyribo-
nucleic acid. Such a recent finding is that there may be 
breaks in the deoxyribonucleic acid helix. 
Of the two deoxyribonucleases studied in verte-
brates, the acid deoxyribonuclease seems to have the wid-
est distribution in tissues, while the pancreatic deoxy-
ribonuclease seems to be associated with digestion. There 
is evidence that the acid deoxyribonuclease is involved 
in mitosis, and is a growth substance (Zahn, 1960) and it 
has been shown to be correlated with growth rate. 
Considering the relation of this enzyme to DNA 
metabolism, it was decided that this enzyme should be 
studied in invertebrates to ascertain its relationship to 
the vertebrate acid deoxyribonuclease. This could not 
only have physiological signi!icance, but .possibly a 
phylogenetic significance too. Also, the descriptions of 
enzymes which hydrolyze a substrate as important as 
X 
deoxyribonucleic acid is per ~ of interest. 
The phyla Mollusca, -Arthropoda and Annelida 
were selected since they are thought to all arise from a 
common ancestral trochophore-like larva. A representa-
tive from each phylum was selected on the basis of avail-
ability. A member of the phylum Echinodermata was also 
studied. This phylum is important in a comparative study 
since it is related to the chordates (Hyman, 1955). 
The presence of deo~ribonucleotidase active at 
pH 5 and pH 7 was assayed from each species. The ionic 
requirements of the enzymes active at pH 5 were studied, 
and compared with the ionic requirements of calf-spleen 
acid deoxyribonuclease. 
The vertebrate acid deoxyribonuclease shall 
hereafter be referred to as deoxyribonuclease II (DNase II}, 
while the enzymes from the invertebrates active at pH 5 
shall be referred to as invertebrate acid deoxyribonuclease 
(invertebrate acid DNase). 
l 
REVIEW OF THE LITERATURE 
I. Introductory Comment 
This review will specifically be concerned with 
the literature on DNase II, its ionic requirements, dis-
tribution and function. However, the following subjects 
will be treated first in the review since they have di-
rect bearing on the understanding of DNase II: the struc-
ture of the substrate, deoxyribonucleic acid; methods of 
assay of deoxyribonuclease activity; and the characteris-
tics of pancr~atic deoxyribonuclease. 
II. Deoxyribonucleic acid 
Deoxyribonucleic acid (DNA) is composed of 
purine and pyrimidine bases; a sugar, deoxyribose; and 
phosphoric acid. 
There are two pyrimidine bases commonly found 
in DNA. Cytosine (2-hydroxy-6-amino-pyrimidine), and 
thymine (5-methyl-uracil). 
The purine bases of DNA are adenine (6-amino-
purine) and guanine (2-amino-6-hydroxypurine). 
The purine and pyrimidine bases of DNA are 
attached to deoxyribose. This combination of bases with 
a glycoside is termed a nucleoside. The nucleosides of 
2 
DNA are the 9-beta-D-2-deoxyribofuranoside of guanine and 
adenine and the 3-beta-D-2-deoxyribofuranoside of cytosine 
and thymine. 
The nucleotides are phosphoric esters of the 
nucleosides. The phosphate group may be attached to the 
3' or 5' position on deoxyribose (Davidson, 1957 ). 
By convention the pyrimdine nucleotides are 
referred to as ~YP; with cytosine and thymine nucleotide 
being Cp and Tp respectively. The purine nucleotides are 
referred to as Pup, with Ap and Gp standing for adenine 
and guanine nucleotide. The small p stands for phosphate. 
The nucleotides are arranged into a double 
helix (Watson and Crick, 1953). Adenine is always found 
in relation with thymine, and guanine with cytosine. The 
structure of the double chain may be schematically repre-
, 
sented as follows (Davidson, 1957 ), the dots connecting 
nucleosides representing hydrogen bonds. 
phosphate-s gar-adenine •••• thymine-sug~phate 
phos ~gar-cytosine ••• guanine-sug~hate 
phosphate-s ar-guanine •••• cytosine-sugar-phosphate 
------ ~ 
The DNA molecule has many sites which are hy-
drolyzed by enzymes. The phosphate may be split from the 
sugar, the sugar from the base, and the bases themselves 
hydrolyzed. Pancreatic DNase and DNase II are 
3 
phosphodiesterases, which hydrolyze the bond between the 
sugar and one of the attached phosphates. 
There are enzymes which polymerize DNA, and re-
quire some high molecular weight DNA for activation (Lehman, 
Bessman, Simms and Kornberg, 195e). It is possible that 
they are active during the replication of DNA which oc-
curs prior to cell division. 
DNA is of great importance in that it partici-
pates in those mechanisms whereby the various forms of 
living matter pass on their various specifically organ-
ized patterns of growth and metabolism to their progeny 
(Hotchkiss, 1955). 
III. Methods of Assay of Enzymatic Hydrolysis of DNA 
There are many methods of determining DNase ac-
tivity based on changes of the chemical, physical, or 
optical properties of DNA during hydrolysis. 
1. Determination of Acid-Soluble Nucleotides Produced 
During Hydrolysis. 
The acid soluble nucleotide assay is based on 
the observation that as DNase reacts with DNA, fragments 
are broken off the substrate which are soluble in acid, 
although the high molecular weight DNA is not. The 
absorption of ultraviolet light at 260 ~ of the acid 
soluble supernatant is used to determine the enzyme ac-
tivity (Kunitz, 1950b). 
2. Determination of the Appearance of Phosphate Esters 
by Titration. 
4 
During the action of phosphodiesterases on DNA, 
\ 
phosphate bonds are hydrolyzed. The number of bonds 
broken may be determined by titration of the acid groups 
which result (Kunitz, 1950b). 
). Determination of the Degree of Polymerization of DNA. 
As DNA is depolymerized, its physical charac-
teristics change. These changes may be used as an esti-
mation of enzyme activity. 
a. Viscosity. Changes in viscosity of DNA during 
enzyme activity may be measured in an Ostwald or Ostwald-
Fenske viscometer (McCarty, 1946). This method is simple 
and quite sensitive. Turbid preparations may be studied. 
This method was used by the writer for the determination 
of enzyme activity. 
b. Dye-Binding. Polymerized DNA binds dyes, while 
depolymerized DNA does not. Methyl green (Kurnick, 1950) 
and p-nitrophenylhydrazine (Koszalka, . Horn, Schlegel and 
Altman, 1959) have been used to determine enzyme 
5 
activity. 
c. Colloid Formation . Houck (1959) observed that 
DNA reacts with acidified serum albumin to form a stable 
colloid which absorbs at 450 mp. As the depolymerized 
DNA does not form such a stable colloid, the loss of 
absorption of the colloid was used as a measure of DNase 
activity. 
d. Precipitation of DNA in Acetone . Haessler and 
Cunningham (1957) observed that polymerized DNA forms a 
visible precipitate in 90% acetone, while depolymerized 
DNA does not. They used the precipitability of DNA as 
a rough estimate of enzyme activity. 
4 . Assay of Enzymatic Activity by the Determination of 
Changes in Optical Propert ies of DNA. 
a. Hyperchromic Shift . As DNA is hydrolyzed, there 
is an increase in absorption of the DNA in the ultraviolet 
over the range of 225-300 mp, with a maximum at 260 mp 
(Kunitz, l950b). This shift is caused by rearrangement 
of the chromophoric units in the helix (Rich and Kasha, 
1960). 
b. Light Scattering. The amount of light scattered 
by DNA is dependant on the molecular weight. Changes in 
light scattering have been used to study the kinetics of 
DNase II (Bernardi, Champagne and Sadron, 1961). 
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IV. Historical Background of Enzymes and DNase 
One of the first enzymatic processes studied 
was digestion of food. In the early part of the six-
teenth century opinion was divided as to whether diges- --
tion was a mechanical process, or a process by which in-
gested matter was dissolved and transformed by the juices 
of the stomach (Review from Effront, 1902). 
Reaumur and Spallanzani performed experiments 
which confirmed the second hypothesis. 
Reaumur placed meat, grain and albumin in small 
perforated metal cylinders. The cylinders were swallowed 
by hawks. After they had passed through the digestive 
tract, Reaumur investigated their contents. He found 
that only the albuminoid substances had been liquefied; 
the others were not changed. 
Spallanzani obtained stomach secretions from 
birds of prey by making them swallow sponges attached to 
a string. The sponges were withdrawn, and the liquids 
with which they were saturated were squeezed on meat. The 
meat became liquefied . The significance of these conclu-
sive experiments was not appreciated, and it was not for 
two centuries that the study of enzymes again became pro-
minent. 
Kirchoff, in 1814, noticed that fresh gluten 
can dissolve starch, transforming it into a sugar-like 
7 
substance. 
This work was taken up by Dubrunfault in 1822, 
who demonst~ated that the activity of gluten was due to 
a small quantity of substance which was also present in 
the grain. The enzyme was soluble in water. The grain 
contained little of the enzyme before germination. 
This work was continued by Payen who succeeded 
in precipitating the enzyme from an infusion of malt by 
addition of alcohol. The precipitate had all the char-
acteristics of the original solution. 
The first indications of enzymatic hydrolysis 
of DNA appear toward the end of the nineteenth century 
(Kunitz, 1950a). 
In 1894 Kossel discovered two forms of thymus 
nucleic acid: ' the alpha form which was highly viscous 
and formed gels, and the beta form which was less vis-
cous and not capable of forming gels. He regarded the 
alpha and beta forms to be different compounds. How-
ever, Neumann (1898, 1899), showed that the alpha form 
could be converted to the beta form by partial hydrolysis 
in alkali. He concluded that the alpha form was a poly-
mer of the beta form. 
Araki (1903) found that it was possible to 
liquefy gels of alpha nucleic acid with extracts of liver, 
spleen and thymus. 
Iwanoff (1903) demonstrated in molds the pre-
sence of enzymes capable of liqumfying thymus nucleic 
acid . These enzymes he termed nucleases. 
Plenge (1903) found nucleases in bacteria. 
Abderhalden and Schittenhelm (1906) found that 
dog pancreatic juice liquefied nucleic acid without the 
liberation of free phosphate or nitrogenous bases. Their 
work established the existance 'of a distinct polynucleo-
tidase. 
The deoxyribonuclease crystallized by Kunitz 
had been described by authors under various names: (thymo) 
nucleinase (Levene and Medigreceanu, 1911); nucleogelase 
(Feulgen, 1923); polynucleotidase (Levene and Dillon, 
1932); desoxyribonucleodepolymerase (Greenstein, 1943 ) ; 
thymonucleodepolymerase (Laskowski, 1946 ) ; and desoxyri-
bonuclease (McCarty, 1946 ). 
V. Deoxyribonuclease I 
1 . Method of Crystallization. 
In 1950 Kunitz (1950a) crystallized DNase from 
the pancreas . He obtained a yield of 3-5 mg of crystals 
per kilogram of pan creas. The crystals were free of 
measurable traces of trypsin, chymotrypsin, or of ribo-
nuclease. The procedure consists of repeated adjustments 
of the pH of the tissue homogenate with fractionation by 
9 
ammonium sulfate and ethanol. There are a minimum of 
twelve separate precipitations before the first crystals 
are obtained; it is an arduous procedure. 
The hydrolytic action of the enzyme consists of 
the splitting of thymus nucleic acid into fragments ap-
proaching the size of tetranucleotides. The digested DNA 
is diffusible thro~gh collodion or cellophane membranes 
and is non-precipitable with strong acid, alcohol, or 
proteins. The digestion of thymus nucleic acid by deoxy-
ribonuclease is accompanied by the liberation of one 
atom equivalent of free acid per four atoms of nucleic 
acid phosphorus. 
2. Properties of the Enzyme. 
Crystalline deoxyribonuclease acts very slowly, 
if at all, in the absence of magnesium (or manganese ) 
ions. The optimal concentration of magnesium ion is 
about 0.02 M. The concentration required increases with 
the increase in concentration of the substrate, but is 
independent of the enzyme concentration. The optimal 
pH range for the action of crystalline deoxyribonuclease 
is 6.0 to 7.0. 
DNase I is inhibited by low concentrations of 
anions which remove magnesium (Gilbert, Overend and Webb, 
1951}. This would include citrate, arsenate, flouride, 
and ethylenediaminetetraacetate. 
By fractionation with ammonium sulfate, Kunitz 
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also showed that other enzymes were separated. Deoxyri-
bonuclease precipitates at 0.4 saturation. Trypsinogen, 
trypsin inhibitor, and chymotrypsinogen precipitate at 
0.65 saturation. Ribonuclease precipitates at O.S sat-
uration. It was later found that DNase II precipitates 
at O.S saturation. Consequently it is contaminated with 
ribonuclease when prepared in this way. 
VI. Deoxyribonuclease II 
1. Discovery of the Enzyme. 
In 1947, Catchside and Holmes described a deoxy-
ribonucleotidase from the spleen that was inhibited by 
magnesium, and had a pH optimum which lay between 4.5 and 
5.5. Maver and Greco in 1949 observed this enzyme in the 
calf thymus. They showed that the enzyme was inhibited 
by Mgso4 at concentrations which activate pancreatic 
DNase. Brown, Jacobs and Laskowski (1952) studied the 
intracellular distribution of the enzyme in fractionated 
calf thymus. They found that 37% of the enzyme occurred 
in nuclei, 12% was bound to particulate matter, and 27% 
was in the soluble fraction. Allfrey and Mirsky (1952) 
reported, however, that the bulk of the enzyme occurred 
in the cytoplasm of cells. They suggested that there was 
a correlation between the amount of the DNase in tissues 
and the ability of the tissue cells to divide and regenerate. 
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In 1953 the name DNase II was suggested for the enzyme 
(Cunningham and Laskowski, 195)) . Webb (1953a) achieved 
a partial purification of the enzyme by differential de-
naturation of inert proteins and ethanol fractionation. 
Using his purified preparation he made a detailed study 
of the response of the enzyme to ions which confirmed, 
at least qualitatively, what had been earlier reported. 
The author also reported that all DNase arises from the 
cytoplasm, and claime1d that DNase found associated with 
nuclei was an artifact (Webb, 1953b ) . In 1954 it was 
found that x-irradiation caused a marked increase in the 
DNase content of rat spleen. It was postulated that this 
increase was due to repopulation of the spleen by retic-
ular cells (Fellas, Meschan, Day and Douglass, 1954). 
The work cited above well established DNase 
II as a distinct enzyme, and framed many problems which 
were subsequently investigated in detail. The review of 
the literature will show, however, that there is still 
considerable disagreement about certain aspects of the 
enzyme, and that little is understood of the role DNase 
II plays in DNA metabolism. 
2. Methods of Purification of DNase II. 
Purification is of primary importance after the 
identification of an enzyme. If the enzyme is in a very 
impure state, studies of its characteristics are suspect. 
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Contaminants in an enzyme solution can destroy, compete 
with, or inhibit the enzyme. Inactive contaminants con-
tribute to the complexity of the ionic environmen.t, and 
can adsorb ions which would influence enzyme activity 
(for a report of protein-ion and protein-protein inter-
action, see Noguchi, 1956). In spite of these facts, 
much work of a quantitative nature is published on enzymes 
in tissue homogenates. 
Webb (1953) made the first partial purification 
of DNase II. He denatured inert proteins by heat and 
precipitated the enzyme by ethanol fractionation. 
Laskowski, Steberl, Akka and Wilson (1954) 
obtained a partial purification of the enzyme by a com-
bination of pH adjustment, ammonium sulfate precipita-
tion, and filtration on Celite. 
Maver and Greco (1956) achieved a partial pur-
ification of DNase by a combination of dialysis precipi-
tation, pH adjustments, ammonium sulfate fractionation 
and ethanol wash. 
Koerner and Sinsheimer (1957) made a partial 
purification of the enzyme from calf spleen by a combina-
tion of pH adjustment, heat precipitation and ethanol 
fractionation. The enzyme fraction was chromatographed 
on Celite and eluted with sodium chloride of increasing 
molarity. 
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Koszalka, Falkenheim and Altman (1957) purified 
the enzyme from water extracts of calf spleen by adjust-
ment of pH and ammonium sulfate precipitation. They 
chromatographed the active fraction on Amberlite IRC-50 
(XE-64) and found that the enzyme came off in two peaks. 
The first peak was eluted immediately with 0.1 M phosphate 
buffer, pH 6.6 . The pH was changed to 8.0, and after 
passing approximately 150 ml of buffer through the column, 
another peak emerged which had DNase II activity. The 
authors stated that they planned further work to ascer-
tain if they had not separated two DNase II enzymes . 
However, nothing more has been published on this subject. 
Shimomura and Laskowski (1957) reported that 
after purification of the enzyme from calf spleen, DNase 
II came off in essentially one peak from a carboxymethyl-
cellulose column. 
In 1958 Fredericq and Oth published a detailed 
study on the purification of the enzyme from calf spleen. 
After extraction with water of the enzyme from the tissue 
at pH 5 and clarification by centrifugation, the superna-
tant was precipitated by ammonium sulfate between 30% and 
90% saturation. The resulting precipitate was redissolved 
and the pH adjusted to 2.5. The solution was precipitated 
at 40, 60 and 80% ammonium sulfate saturation. The 60 
and 80% precipitates contained practically all the activ-
ity. After redissolving the precipitate and adjusting 
. \ 14 
the pH to 3, the enzyme was reprecipitated between 50 and 
90% saturation in steps of 5% increments of ammonium sul-
fate saturation. Maxi mum ·activity was found in the frac-
tion precipitated at 65% saturation. The fractions pre-
cipitated between 55 and 70% were pooled. The enzyme 
recovered represented 40% of the original activity. The 
specific activity of the solution was 0.46 0Dz6o units/min. 
The solution was chromatographed on hydroxyl-
apatite and eluted with phosphate buffer of increasing 
molarities. The second chromatography yielded a prepar-
ation with a specific activity of 20 0Dz6o units/min. and 
a yield of 40%. A third chromatography led to only 15% 
recovery, but the specific activity was estimated at 100 
0Dz6o units/min. 
Maver, Peterson, Sober and Greco (1959) reported 
that the contaminating RNase of the enzyme preparations 
could be separated from DNase on diethylaminoethylcellu-
lose columns. 
Bernardi (1961), using a modification of the 
above technique of Fredericq and Oth (1958) for purifi-
cation of the enzymes by ammonium sulfate precipitation, 
separated RNase from DNase activity on hydroxyapatite. 
His most active DNase fraction had a specific activity 
of 58. 
He later achieved a homogeneous DNase preparation 
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by rechromatographing the enzyme six times on hydroxy-
apatite and once on Amberlite. The preparation has a 
specific activity of 200. The kinetics of the pure en-
zyme are now being studied (personal communication). 
3. Characteristics of the Enzyme. 
In reports concerning the conditions for maxi-
mum activity of the enzyme, there are numerous discrep-
ancies concerning the optimum ionic concentration and 
optimum pH. Since it was not until 1957 or 1958 that it 
was realized that maximum activation differed with sub-
strate and buffer concentrations, early reports gave cqn-
flicting values. 
Maver and Greco {1959), assaying enzyme activity 
by viscometry, reported a pH optimum of 4.5 for their aque-
ous extract of calf spleen and thymus. They found that 
the enzyme was inhibited by Mgso4 in concentrations which 
activate the pancreatic enzyme. They found that cysteine 
accelerated the reaction. Their assay was performed in 
the presence of 2 mg DNA/ml. 
Brown, Jacobs and Laskowski (1952) used 0.36% 
DNA in .25 M acetate buffer to assay their crude extract 
of calf thymus. They found a pH optimum of 5.0. The 
DNase was inhibited 70% by 0.02 M MgC12, and 90% by 0.03 
M MgCl2. 
Webb (1953), using partially purified preparations 
from calf thymus and mouse leukemic tissue, found that 
the enzyme had a pH optimum of 5 . 2-5.3 in 0 . 2 M acetic 
acid buffer and 0 . 2% DNA . The enzyme was inactive at 
16 
pH 7 and was inactivated by dialysis . However, activity 
was restored by the addition of sodium or magnesium ions . 
Maximum activation occurred with 0.06 M sodium chloride 
and 0 . 01-0.02 Mgso4 at pH 6 . The reaction was activated 
by 0 . 03 M MgS04 at this pH to the same extent. Molar 
cysteine was inhibitory, as well as 0.03 M cysteine plus 
0.0) M MgS04. 
Kowlessar, Altman and Hempelmann (1954) studied 
the DNase in urine after total body irradiation. Maximum 
enzyme activity occurred at a DNA concentration of 0 . 16 
mg/ml. The pH optimum was 5.6 . 
Rotherham, Schottelius, Irvin and Irvin (1956) 
found a molarity of 0.15-0 . 2 in acetate buffer optimum for 
the enzyme from the rat liver. The pH optimum was found 
to be 5 . 1 in 0 . 2 M acetate buffer and for 0.33 mg/ml in 
DNA. 
Haessler and Cunningham (1957) used a reaction 
mixture containing 1 mg/ml DNA, 0.01 M sodium citrate and 
0.1 M acetate buffer to study crude extracts of a proto-
zoan, a lamprey, calf thymus and rattle-snake venom. He 
also tested milk in a partially purified form. He reported 
pH optima of 6.2 for the protozoan, 5.4 for the lamprey, 
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5.0-5.2 for the cow, 5.4 for the calf thymus and 5.0 for 
the venom. Considering the authors used crude extracts, 
the only probably significantly different pH optimum is 
for the protozoan, although they would have us believe 
that all the differences are meaningful. 
Shack (1957), working with crude mouse tissue ) 
extracts at pH 5, found that CaC12 activates maximally at 
0.016 N as does MgC12 , although to a lesser extent. Max-
imum activation by KCl and NaCl is at 0.16 N, sodium cit-
rate at 0.1 N, Mgso4 at 0.01 N and Na2so4 at 0.1 N. 
Koerner and Sinsheimer (1957) assayed a partially puri-
fied DNase from calf spleen in a medium that contained 
1 OD260mp unit . of M sodium formate. They found that the 
optimum concentration in dilute acetate buffer and 0.15 M 
in NaCl was pH 4.5 • . 
In 1958 Oth and Fredericq published the results 
of a very detailed set of experiments on DNase II which 
had been purified by ammonium sulfate precipitation and 
then subjected to two chromatographic purifications. 
Their studies demonstrated the interdependence of ionic 
strength, DNA concentration and pH on the activity of 
calf thymus DNase II. 
At pH 4.5 they determined that maximum activity 
occurs at an acetate buffer molarity of 0.1, and that th~ 
activity is independent of DNA concentration. For CaCl2, 
maximum activation is proportional to the DNA concentra-
tion. Mg and Mn ions show inhibition above 0.002 M. 
Optimum concentration -is dependent on DNA concentration. 
Citrate 0.01 M and versene 0.01 M activate 
about 1.7 times. 
The pH optimum in 0.05 N acetate buffer is 
4.6-4.7- . 
In 1959 another very detailed series of exper-
iments were published by Kurnick and Sandeen which related 
pH and electrolyte requirements of DNase II . They used 
homogenized mouse spleen as an enzyme source. 
They reported that the concentration of salt 
required for maximum activity at pH 4.6 is dependent both 
on the anionic and cationic species present. MgCl2 ac-
tivates the reaction maximally at 0.03 M. The maximum 
for Mgso4 is about 0.015 M, and results in only half the 
activity as that exhibited by the enzyme with MgCl2. 
They found that bivalent cations activate more 
effectively and in lower concentrations (expressed in 
normality) than do univalent cations. In the presence of 
bivalent anions, activations occur at lower concentration 
and to a lesser degree than with univalent anions. 
They show that for any given salt, the concen-
tration required for optimum activation varies with the 
pH. As the pH is reduced, the concentration of salt 
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required for optimum activat ion increases. · 
Similar observations were made by Shack (1959). 
He also showed that at very low salt concentrations 
(0 . 005 M NaCl) there is still ~ubstantial activity at pH 
7. By zone electrophoresis, pH 7 activity was shown to 
be due to DNase II . 
Desreux, Hacha and Fredericq (1962) studied the 
activation of DNase II by divalent cations . They con-
cluded that the cations activate by complex formation 
with the subst rate . 
Aside from the general observation that any 
ion is inhibitory to DNase II at certain concentrations, 
and that divalent cations a r e especially inhibitory 
(Kurnick and Sandeen, 1959 ), there have been studies made 
on other enzyme inhibitors . 
Chloro-p-mercuribenzoate inhibits DNase II 
(Maver, 1949; and Rotherham, Schottelius, Irvin and 
Irvin, 1956) . 
Webb {1953 ) found that veronal buffer, sodium 
(+ )usnate and 0 . 01 M zn+ were inhibitory at pH 5.9. 
Other specie s ~investigate d at this pH and found to be 
without effect in concentrations of 0.01 to 0 . 05 M were 
sodium arsenate, sodium borate, sodium citrate, sodium 
flouride, sodium silicate and sodium cyanide._ Other 
substances were also tested and found to be without effect : 
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hydrogen sulfide, chloroacetophenone, colchicine, sodium-
o-iodosobenzoate, aminopterine, iodoacetamide, sodium 
ethyl mercurithiosalicylate and hydrogen peroxide . Kow-
lessar, Altman and Hempelmann {1954 ) found that fatty 
acids and histidine were inhibitory . 
Rotherham, Schottelius, J . Irvin and E. Irvin 
(1956) found copper ion to be inhibitory, as did Desreux, 
Hacha and Fredericq (1962) . These last authors also in-
cluded as inhibitors the ionic form of iron, nickel and 
cadmium. 
Kowlessar, Okada and Potter (1957) working on 
a DNase II inhibitor in human urine found that the inhib-
itor was heat-stable and dialyzable . The inhibitor was 
shown to be sulfate i on by Rauenbusch and Altman (1960) . 
4. Action of DNase II on DNA . 
The action of DNase II on DNA tends to be dif-
ficult to assess since the substrate is complex. More-
over, the molecular weight of DNA can vary from over a 
billion to as low as one hundred thousand, depending on 
the method of extraction. DNA may also be contaminated 
by various proteins, enzymes , and RNA. It is quite ap-
parent that the DNA used in different laboratories is far 
from homogeneous . 
The loss of viscosity of DNA when hydrolyzed by 
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DNase II is immediate (Webb, 1953; Shack, 1957 and 1959; 
and Oth, Fredericq and Hacha, 1958) while the production 
of acid-soluble nucleotides (ASN) has an early lag period 
(Webb, 1953; Shack, 1957 and 1958) although Oth, Fredericq 
and Hacha (1958)never observed the lag in ASN production. 
This is possibly due to the presence of low-weight DNA 
in their substrate which by enzymatic hydrolysis is ren-
dered immediately acid-soluble. The hyperchromic shift 
of the DNA also shows a lag (Oth, Fredericq and Hacha, 
1958) which parallels the formation of ASN (Shack, 1957). 
In 1949 Maver and Greco observed that DNase II 
depolymerized DNA without the release of inorganic phos-
phate. 
Koerner and Sinsheimer (1957) found that splenic 
DNase II rapidly hydrolyzes DNA to polynucleotide 3'-
phosphates. The ratio of monoesterified phosphate to 
total phosphate is 0.1. After this initial rapid hydroly-
sis, the reaction continues at an ever-decreasing rate. 
They found no purine or pyramidine base preference. 
Laurila and Laskowski (1957) found that par-
tially purified DNase II from calf thymus digested DNA 
to fragments of variable size. The smallest fragments 
were 3'-mononucleotides. Five dinucleotides and one 
trinucleotide, all terminated in 3'-phosphate, were 
isolated and identified. The sequence Pyp-Pup was absent 
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from the identified product . It was suggested that this 
linkage is preferentially hydrolyzed by DNase II. 
Dosko~il and Sorm (1961 ) also found that the 
hydrolysis products terminate in ) ' -phosphates. They 
suggested the preferential linkage was Pup-Cp (Pup-PyP), 
especially Gp-Cp . 
It has not been possible to perform classical 
kinetic analyses, as the determination of the Michaelis 
constant {Km), on DNase II, since the substrate is highly 
inhibitory {Oth, Fredericq and Hacha, 1958). HoweYer, 
the reaction of the enzyme with DNA has been studied by 
light-scattering by Bernardi and Sadron {1961). They 
found that there was an early phase of hydrolysis that 
exhibited single strand kinetics. This was followed by 
sub-unit digestion which showed a lag, and had double 
s trand kinetics . The transition phase between the two 
types of kinetics had a plateau . They conclude that the 
two types of kinetics are occuring at once, but the 
single strand kinetics are only apparent in the first 
phase. They observed that DNA must have sites where the 
enzyme acts to break it according to single strand kinet-
ics . 
Bernardi, Champagne and Sadron {1961) also re-
port that chicken erythrocyte DNase degrades DNA to a 
final molecular weight 5.5!0 . 5 x 105. 
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5. Biological Characteristics of DNase II. 
a. Intracellular Distribution. 
The localization of DNase II in the cell is con-
troversial, although there is agreement in the view that 
it is an intracellular enzyme. 
Brown, Jacobs and Laskowski (1952) fractionated 
calf thymus cells and found the enzyme was distributed 
37% in cells , 12% in intracellular particles and 27% was 
in the soluble fraction of the cell. 
Schneider and Hogeboom (1952) anticipated that 
DNase II would be associated with the same cellular struc-
ture as the substrate, b~t this was not found to be the 
case. They found DNase II to be asso ciated with mito-
chondria. 
Allfrey and Mirsky (1952) reported that the 
bulk of the enzyme occurs in the cytoplasm, the amount in 
the nuclei varying from tissue to tissue. 
Webb {1953) stated that the variable amount of 
DNase associated with nuclei was an artifact and that 
DNase is associated with the cytoplasm. 
deLamirande, Allard and Cantero (1954) found 
-~ 
DNase activity in nuclei, but reported that it only ac-
counted for a small part of the total DNase of the cell. 
De Duve, Pressman, Gianetto, Wattiaux and 
Appelmans (1955) found that DNase II was associated with 
24 
small cytoplasmic particles, for which they suggested the 
name lysosome. However, Rotherham, Schottelius, J. Irvin 
and E. Irvin (1956) reported the DNase associated with 
mitochondria. Shack (1957) associated the enzyme with 
particulate matter of the cell, and there was a further 
report in 1959 by Beaufays, Bendall, Baudheim and de Duve 
that DNase was associated with lysosomes. But .Vorbrodt 
(1962), using a histochemical technique, stated that the 
reaction for DNase II in lysosomes was relatively slight. 
In 1961 he had published results of experiments with the 
histochemical technique which demonstrated the enzyme in 
nuclei and lysosomes. On the basis of different response 
to sulfate ion, he postulated that the enzyme in the nu-
cleus might differ from the enzyme in the cytoplasm. 
Finally, Keir (1962) reported that the content 
of DNase II is twice as high in nuclei as in mitochondria-
microsomes. 
The writer feels that these variations are par-
tially due to technique since he found that ~two different 
methods of purification of. nuclei resulted in vastly dif-
ferent amounts of DN,ase II measurable in nuclei. These 
variations may also reflect a difference in the distri-
bution of the enzyme in different tissues, as the result 
of Vorbrodt (1961) suggest. 
b. Distribution in Mammals. 
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A DNase having a pH optimum of around 5 has 
been described in many mammals, and it is quite possible 
that an enzyme with the characteristics of mammalian 
DNase II may be found in all Chordata. 
DNase II has been reported to be present in the 
calf thymus (Maver et al, 1949; Allfrey et al~ 1952; 
Brown, 1955; Laurila et al, 1957; and Bernardi, 1961) and 
the calf spleen {Maver et al, 1949; Allfrey et al, 1952; 
Koerner et al, 1957; and Koszalka et al, 1957). 
In the rat, DNase II has been described in the 
spleen (Okada et al, 1957; and Maver et al, 1956), thy-
mus and kidney (Okada et al, 1957), and in the liver {de 
Lamirande et al, 1954; de Duve et al, 1955; Maver et al, 
1956; Okada et a1, 1957; Beaufays ~ a1, 1959; and Daoust 
et al, 1959). It has also been found in a rat hepatoma 
(deLamirande et al, 1954; Maver et al, 1956; Daous t et 
al, 1959) and a lymphosarcoma {Maver et al, 1956). 
In the mouse it has been described in the 
spleen (A1lfrey et al, 1952; and Shack, 1959) and in 
mouse leukemic tissue (Webb, 1953). 
DNase II can also be found in unpas~ized cow 
milk (Haessler, 1957). 
An enzyme exhibiting the characteristics of 
DNase II has also been extracted from human prostatic 
tissue (Boman, 1958). 
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Not included in the above compilation are sev-
eral sources of the enzyme reported by Allfrey and Mirsky 
(1952). In the calf they include the liver, intestinal 
mucosa, pancreas, kidney, and heart. In the mouse: the 
kidney, pancreas and liver. In the beef: the heart, 
brain cerebellum and kidney; and in the horse: the liver 
and spleen. 
Vorbrodt (1961), using a histochemical techni-
que for the localization of DNase II, found that within 
organs, the enzyme was differentially distr ibuted in cell 
types. In the rat liver the enzyme was predominantly lo-
cated in the nuclei of bile canaliculi cells, _in the 
chromosomes of parenchymal cells and in Kupffer cells. 
In the mouse liver there was less in the parenchymal 
cells, but it was found in Kupffer cells. In the Novi-
koff hepatoma and Novikoff ascited hepatoma there was 
none in the nuclei. There was strong activity in the 
phagocytes of the hepatoma. 
Activity was found by Vorbrodt (loc.cit.) in v 
the exocrine tissue of the rat pancreas. In the spleen 
it was found in macrophages, while lymphocytes and lympho-
blasts were almost negative. DNase II activity was also 
found in the epithelium of the small intestine and in 
some macro phages of the lung. In the kidney the enzyme 
was found in the proximal convoluted tubules, but not in 
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Malpighian corpuscles. It was found in cytoplasmic gran-
ules of the brain. In the mouse ovary the oocyte did not 
show the enzyme, but it was present in the granulose cells 
of the Graafian follicle. 
c. Distribution in Non-Mammalian Chordata. 
An enzyme exhibiting the general characteris-
tics of mammalian DNase II has been described in other 
classes of the phylum Chordata. 
DNase II has been found to occur in the heart, 
liver and kidney of the chicken (Allfrey and Mirsky, 
1952) and in chicken erythrocytes (Bernardi, Champagne 
and Sadron, 1961). 
DNase II activity is found in the venom of some 
snakes (Haessler and Cunningham, 1957; Niko1'skaya and 
Budovskii, 1962). 
This enzyme has also been found in the frog 
(Coleman, 1962), saimon sperm (McDonald, 1962), and in 
the muscle of the sea lamprey Petromyzon (Haessler, 1957). 
d. Irradiation Effects on DNase II. 
In 1954 Fellas, Meshan, Day, and Douglass observed 
that the acid DNase of the rat spleen rose markedly after 
total-body x-irradiation. They postulated that this was 
possibly due to the repopulation of the spleen by retic-
ular cells. After x-irradiation, urinary DNase was also 
increased (Kowlessar, Altman and Hempelmann, 1954). 
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Douglass and Day (1955a and 1955b) claimed that, 
although the specific activity of DNase II of the rat 
spleen increased after total body irradiation, the total 
activity per spleen remained relatively constant. 
Okada, Gordon, King and Hempelmann (1957) found 
that the increase in DNase activity per milligram of 
tissue was correlated with a decrease in high-molecular 
weight DNA and an increase in depolymerized DNA. The 
authors suggested that DNA catabolism was increased. 
Okada and Peachy also found that irradiation increased 
the DNase activity of mitochondria. Gordon, Gassner, 
Okada and Hempelmann (1959) postulated that the increase 
in activity of the spleen and thymus gland was possibly 
due to the loss of lymphocytic centers that contain 
little enzyme activity. 
Kurnick, Massey and Sandeen (1958) hypothesized 
that the effect of irradiation is to destroy DNase in-
hibitors, which leads to the depolymerization of DNA and 
autolysis of cells. In 1959 these authors suggested 
that radio-sensitive tissue has an increase in DNase II 
activity per cell after irradiation. 
Goutier-Pirotte and Goutier (1962) report that 
effect of irradiation on the rat liver is to solubilize 
DNase II. 
e. The Role of DNase II in the Metabolism of the Cell. 
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The role of DNase II in cellular metabolism has 
proved difficult to assess. The distribution of the en-
zyme in the cell, and the increase in enzyme in response 
to irradiat ion have been dis cussed in earlier sections , 
and do not offer much help in clarifying the problem. 
The central question is whether DNase II is merely a di-
gestive enzyme, or whether it plays a fundamental role 
in DNA metabolism . 
Allfrey and Mi rsky {1952 ) postulated that acid 
DNase is possibly related to the function of the tissue, 
and the ability of cells to divide and regenerate, al-
though it is not just simply involved in cell division. 
Daoust and Cantero (1959 ) report that the ne-
crotic areas of cirrhotic rat livers showed intense DNase 
activity. It is not clear whe t her they were s t udying 
DNase I or DNase II. However, their findings agree with 
those of Vorbrodt {1961 ) who found a strong DNase II in 
phagocytic cells in a Novikoff hepatoma. This enzyme, 
aside from appearing in granules of various cells, was 
also seen to be associated with the chromosomes of liver 
parencpymal cells. 
Coleman (1952 ) studied the DNase activity dur-
ing the development of Rana pipiens. He found low DNase 
II activity in the unfertilized egg. The activity de-
creased slightly during gastrulation, and began to increase 
• 
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with the onset of neurulation. 
It has been shown that normal animal tissue 
responds to growth by a sharp increase in DNase and RNase 
(Brody and Balis, 1958). Goutier and Goutier-Pirotte 
(1961) also showed a high activity of an acid DNase in 
pea seedling root tips. 
In neoplastic tissue, Brody and Balis {1958) 
found the DNase concentration did not differ greatly 
from the tissue of origin, except for a hepatic carci-
noma which had an activity 25-30% lower than normal 
liver. Brody (1958) investigated this further, and stated 
that in the rat liver, during non-malignant growth, an 
increased rate of DNA synthesis is accomapnied by an in-
creased DNase activity. During the carcinogenic process 
induced by p-dimethylam~noazobenzene, the early stages 
are associated with increased DNase activity, which de-
crease during the later phases of this process. Brody 
stated that these findings seem to be in harmony with 
the protein deletion hypothesis put forth by Miller and 
Miller. During precancerous stages there is an accumu-
lation of protein-bound derivatives of the azo dye in 
the rat liver. This seems to cause hyperplasia, which 
is accompanied by an increase in cellular DNase activity. 
This increase appears to be a general reaction of the 
normal cell to a growth stimuius. Gradually, however, a 
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new type of cell, the cancer cell, appears, lacking, 
inter alia, the protein fractions which in the normal rat 
liver cells are bound to the derivatives of the dye. It 
is conceivable that some of these protein fractions might 
be concerned with DNase synthesis. 
In the following two papers the effect of DNase 
on tumors is discussed. Unfortunately it is not clear 
whether the authors used DNase I or DNase II. It was 
probably DNase I. 
De Lamirande (1961) found that injections of 
DNase increased survival time of mice bearing the Ehrlich 
ascites carcinoma by 34-67%, depending on the time in-
jections were started following transplantation of the 
tumor. The increased survival time was accompanied by 
a decreased metaphase index and by the disappearance of 
deoxyribonucleic acid from a number of cell nuclei. 
Feinendegen, Bond and Drew (1961) found that 
the incorporation of tritiated thymidine and deoxyuridine 
is depressed in the HeLa cell by RNase and to a smaller 
extent by DNase. Tritiated cytidine and uridine incor-
·poration into DNA is not inhibited. Their incorporation 
into RNA is slightly enhanced by RNase. Since there is 
only slight altering of the rate of incorporation of tri-
tiated cytidine into DNA by RNase and DNase, they found 
no evidence of depression of DNA synthesis. 
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Zahn (1960) studied the effects of DNase I and 
DNase II on cells grown in tissue culture. DNase I in-
creased mitosis. The optimum concentration of the enzyme 
was found to be about 10-6 g/ml. Pig spleen DNase II 
was ten million times as effective in stimulating mitosis 
as DNase I. 
Zahn reported that DNases are able to penetrate 
into cells, since surface active agents as sodium chelate 
enhance their effect. He stated that the enzymes act 
specifically in mitosis since the mitogenic hormone oes-
tradiol-17-beta enhanced the effect, while the 17-alpha 
form did not. His general conclusion was that the DNases 
seem to be growth substances. 
It is important that we remember that in the 
above work, the authors were not using homogeneous en-
zyme preparati ons. However, from all that has been said, 
we may conclude that DNase II is somehow associated with 
cell division. 
VII. Non-Chordate DNases. 
Invertebrate enzymes have been fairly widely 
studied, as a perusal of the Zoological Record will show. 
However, there has been little work done on the DNases, 
and that which has been done generally consists of follow-
ing the changes in DNase concentrati on during development. 
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The workers seem to assume that the invertebrate DNase 
will be similar to DNase I. Little descriptive work on 
invertebrate DNases has been published. 
However, Mazia in 1949, while studying the dis-
tribution of DNase in the developing sea urchin, Arbacia 
punctulata did assay the DNase at pH 5 and pH 7. Unfor-
tunately he included 0.02 M MgC12 in the assay medium 
which, although required by DNase I, can be quite inhib-
itory to enzymes active at pH 5. Thus he found practi-
cally no activity at pH 5 compared to the activity at 
pH 7. 
Eichel and Roth (1953 ) studied the effect of 
x-irradiation on DNase II of the ciliated protozoan 
Tetrahymena geleii ~· The authors believed the enzyme 
to be DNase II, because the assay was performed at pH 
5.2 in the presence of 0.003 M Mgso4 • Although they did 
find an activity under these conditions, that is not 
proof that they were measuring DNase II. 
Haessler and Cunningham (1957) found a pH op-
timum of 6.2 in 0.1 M acetate buffer and 0.01 M sodium 
citrate, for a DNase of the protozoan Tetrahymena ~­
formis. 
Because of their medical importance, there has 
been a great deal of interest in microbial DNases. Strep-
tococcal deoxyribonuclease (streptodornase l has a pH ' ·· 
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optimum near neutrality, and requires magnesium ions 
(McCarty, 1948). Micrococcal nuclease requires 0.01 M 
calcium ion, and has a pH optimum of 8.6 (Cunningham, 
Catlin, Privat de Garilhe, 1956). 
Lehman (1960) purified a DNase from E. coli 
which works on heat-denatured DNA, has a pH optimum of 
9.2-9~8 and requires magnesium. Wannamaker (1958) elec-
trophoretically separated three DNases from group A 
Streptococci. The A enzyme· had a pH optimum of 8.5, the 
B enzyme, an optimum of 7.5-8.5, and the C enzyme had an 
optimum of 5.5. 
Zamenhof and Chargaff (1949) described a DNase 
from yeast that had a pH optimum of 6 and required Mg. 
They also found a specific protein inhibitor for the 
enzyme. 
VIII. Summary of the Differences Between DNase I and 
DNase II. 
The differences between pancreatic DNase I and 
splenic DNase II are summarized in the following table. 
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TABLE 1 
(Adapted from Laskowski, 1961 ) 
Characterizat i9n 9f DNase I and DNase II 
Characteristic Pancreatic Splenic 
DNase I DNase II 
Susceptible Substrate DNA DNA 
Type of Attack Endonuclease Endonuclease 
Products 5'-Terminated ) ' -Terminated 
Preferential Linkage pPu-pPy Pyp-Pup 
pH Optimum 7 . 0 4.5 
Activator Mg++, Mn++ or 0.3 M Na acetate or 
co++ Na formate 
Inhibitor Versene 0.025 M Mg++ 
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MATERIALS and METHODS 
I. Materials 
1. Tissue. 
All tissues used were obtained from animals 
immediately after death. Calf spleen and thymus were 
obtained from an abattoir and transported on ice. 
Lobsters and clams were purchased at the fish market, 
and sea urchins and Tubifex worms from marine biological 
supply houses and were killed in the laboratory. 
2. Deoxyribonucleic Acid. 
Salmon sperm DNA was purchased from California 
Biochemical Research Corporation. DNA was dissolved in 
0.05 M NaCl, and repeatedly shaken with chloroform to 
remove protein impurities. The chloroform was removed 
in a separatory funnel, and the DNA was ~ialyzed against 
distilled water. 
II. Methods. 
1. Purification of Enzyme. 
Calf spleen and thymus were purified by the 
ammonium sulfate precipitation method of Bernardi (1961). 
The purified extracts were freeze-dried and stored at -l0°C. 
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The invertebrate tissue used consisted of all 
soft parts of the clam and Tubifex. Ovary, digestive 
gland, and muscle of the lobster were studied s~parately. 
Invertebrate tissue was routinely homogenized in a Waring 
Blendor in one volume of distilled water containing a few 
drops of isooctanol. Homogenization was carried out at 
the maximum speed for three minutes at a temperature of 
2°C. 
Small amounts of tissue were homogenized by the 
same procedure, but the dilution was often greater as 
70 ml is the minimum volume of liquid that can be homo-
genized in the type of blender used. 
All tissue homogenates were brought to pH 5 
and clarified by centrifugation. 
The clam homogenate was further purified by the 
ammonium sulfate precipitation procedure of Bernardi 
(1961 ) . 
The sea urchin homogenate was purified by a 
modification of the ammonium--sulfate precipitation tech-
nique. The author observed that upon addition of solid 
ammonium sulfate, a sponge-like precipitate formed which 
dissolved with further stirring. The modified procedure 
was as follows : 100 g of urchin tissue was homogenized 
in 100 ml distilled water containing 0.5 ml isooctanol. 
The homogenate was brought to pH 5 and clarified by 
centrifugation. The clear supernatant was brought to 
0.3 saturation by addition of solid ammonium sulfate and 
after eighteen hours was centrifuged at 18,000 x g for 
one-half hour. No precipitate was found. The solution 
was brought to pH 2.8 with N HCl and to 0.9 ·saturation 
with ammonium sulfate. The precipitate now formed was 
separated 18 hours later by centrifugation. The precip-
itate was dissolved in 70 ml of distilled water, and re-
precipitated between 0.3 and 0.8 saturation. Since the 
precipitate which formed at 0.8 saturation redissolved 
with stirring, the solution was brought to pH 2.5 and 
to 0.9 saturation. The precipitate which then formed 
was recovered by centrifugation, dissolved in a small 
amount of distilled water and dialyzed. The product was 
lyophilyzed. 
2. Isolation of Nuclei. 
a. Agueous Solvents . This is the method described 
by Allfrey, Mirsky and Osawa (1957 ) , except that filtra-
tion through cotton was added. 
All operations are carried out at zoe. 50 grams 
of calf thymus were minced with scissors and placed in a 
blendor vessel together with 50 ml of 0.5 M sucrose solu-
tion and 400 ml or 0.25 M sucrose - 0.0033 M CaClz· The 
tissue was gently homogenized, and the resulting homogen-
ate filtered through a double layer of gauze, and then 
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through a layer of cotton and muslin. The filtrate was 
then centrifuged at 1000 g for 7 minutes and the super-
natant discarded. the sediment was resuspended in 100 ml 
of 0.25 M sucrose - 0.0030 M CaCl2 and the suspension was 
again passed through cotton and muslin. The filtrate was 
centrifuged at 1000 x g for 7 minutes. The sedimented 
nuclei were again washed in the centrifuge using 100 ml 
of 0.25 M sucrose - 0.0030 M CaCl2· The resulting sedi-
ment was finally suspended in 50 ml of 0.15 M NaCl -
0.02 M CaCl2· 
b. Organic Solvent . This is the method described 
by Behrens and Taubert (1952 ) , except for one detail; 
density gradients were made by siphoning the most dense 
solvent into the centrifuge tube, while at the same rate 
the least dense solvent was being siphoned into, and 
mixed with the dense solvent . This produces a linear 
gradient. 
All homogenizations were performed at 2°C. To 
500 cc of acetone, 50 grams of calf thymus were added and 
blended in a blendor one-half minute at maximum speed, 
one-half minute at intermediate speed, and 1.5 minutes 
at minimum speed. After settling, the acetone was de-
canted, and fresh acetone added to the original volume. 
The tissue was homogenized one-half minute at interme-
diate speed. After settling, the supernatant acetone was 
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decanted, and the residue homogenized one-half minute 
at intermediate speed. Acetone was added to the original 
volume, which fully dehydrated the tissue. The tissue 
was recouperated by centrifugation, and the acetone-wet 
residue was suspended in a carbon-tetrachloride and 
petroleum ether mixture, with a density of 1.38 and 
centrifuged for 20 minutes at 2,400 g. The turbid super-
natant was discarded, and the residue again washed by 
the same procedure. 28 ml of a carbon-tetrachloride-
petroleum ether gradient between density 1.40 to 1.33 
were placed in 40 ml cellulose-nitrate test tubes. 2 ml 
of the tissue homogenate were layered on top of the gra-
dient, and the tubes were centrifuged at 23,000 g in a 
Spinco model 1 centrifuge at 0°C. Fractions were re-
couperated in a Pasteur pipette, and studied microscop-
ically. 
c. Rehydration of Tissue Treated in Organic Solvents. 
The nuclei from the density purification are recouperated 
by centrifugation after addition of petroleum ether to 
lower the density. The supernatant was discarded, and 
the nuclei placed in 100 ml of 0.15 M NaCl - 0.02 M 
CaCl2• l ml of isooctanol was added, and the solution 
was placed under a vacuum of a water-vacuum pump for 6 
hours. The solution was then dia~yzed against 0.15 M 
NaCl - 0.02 M CaCl2 for 18 hours. The total volume was 
) 
~ 
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brought in 200 ml with the above NaCl - CaCl2 solution. 
d. Criterion of Nuclear Puritx . Steps of the pur-
ification of nuclei, and the final product were studied 
histologically by allowing the suspension to dry on a 
microscope slide, and staining with methyl green-pyronine, 
as suggested by Kurnick and Res (194e ) . In a preparation 
judged relatively free of cytoplasm, there was no cyto-
plasmic debris, and about 95% of nuclei were free of 
cytoplasmic tabs. 
e . · Extraction of the Enzxme. Nuclei in 0.15 M 
NaCl - 0.02 M CaCl2 and a few drops of isooctanol were 
homogenized at 2°C. in the Waring Blendor for 30 seconds 
at maximum speed and 4 minutes at minimum speed. The 
suspension was then agitated gently for lg hours at 2°C. 
The suspension was assayed for enzyme directly, or the 
solid matter centrifuged off and the supernatant used. 
J. Chromatography. 
Lyophilyzed enzyme preparation from calf thymus 
was chromatographed on Amberlite (Koszalka, Falkenheim 
and Altman, 1957 ) and on hydrolylapatite (Bernardi, 1961). 
Two grams of Amberlite IRC 50 (XE64} were equil-
ibrated with 0.1 M phosphate buffer pH e.o. 5 mg of 
enzyme were dissolved in 1 . 5 ml of 0.1 M phosphate buffer 
pH g and placed in the column. The enzyme was eluted 
42 
with 25 ml of 0.1 M phosphate buffer, pH $, and collected 
in 5 ml fractions. The pH of the buffer was then changed 
to 6.5 and 200 ml of this buffer was passed through the 
column and collected in 5 ml fractions. The optical den-
sity of each fraction was determined in the ultraviolet 
at 2$0mp in a Beckman DU spectrophotometer. Fractions 
which had an absorption in the ultraviolet were dialyzed 
and assayed for enzyme activity. 
The same technique was used for fractionation 
of the enzyme on a hydroxylapatit column except that the 
column was equilibrated with 0.05 M phosphate buffer, 
pH 6.$, and the enzyme was eluted with 25 ml fractions 
of phosphate buffer pH 6.$ of the following molarities: 
0.05 M, 0.10 M, 0.15 M. 0.20 M and 0.25 M. 5 ml frac-
tions were collected and treated as above. 
4. Standard Substrate for Enzyme Assay. 
Except where noted, a standard substrate was 
made up as follows: 0.16 M acetate buffer, pH 5.0; DNA 
concentration 0.4 mg/ml. The optical density at 260mp 
of the substrate was 7. The relative viscosity as meas-
ured in an Ostwald-Fenske viscometer was 1.32 centipoise. 
5. Control Experiments. 
In the study of the effect of ions on the enzyme 
from invertebrates, all solutions used were also tested 
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against spleen DNase II. This was done in order to verify 
differences that were found between DNase II and the in-
vertebrate acid DNases. 
III. Analytical Methods. 
1. Viscometry. 
All measurements were performed at )0°C. By 
preliminary experiment a concentration of enzyme was de-
termined which would cause a loss of viscosity of the 
substrate of approximately lS% in 15 minutes. 
Five ml of substrate mixture was placed in an 
Ostwald-Fenske viscometer, with a flow time for water of 
52.6 sec. at )0°C. Temperature was allowed to equili-
brate to )0°C. Enzyme was added, and the decrease in 
flow time of the mixture recorded at varying time inter-
vals. 
Slope calculations were made as follows. The 
flow times were plotted against the time the readings 
were made. If the relationship was linear, the slope of 
the line was calculated graphically. If the plot resulted 
in a curved line, it was observed that by plotting the 
log of the flow time in seconds, (disregarding the first 
minute) against the time of reading, the relationship 
resulted in a linear function. The slope of this line 
was calculated graphically. 
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a. Order of Reaction . According to Poiseuille, the 
viscosity of a liquid in a viscometer is given by I'l=lT hdgt11 *" 
8vl 
where q is the viscosity, r is the radius of the capillary 
tube in the viscometer, h is the height of the liquid, d 
is the density of the liquid, g is the acceleration due 
to gravity, v is the volume of the liquid in cm3 which 
flows through the capillary, and 1 is the length of the 
capillary in em. 
It is apparent from the above formula that the 
viscosity of the DNA substrate may be represented by 
q=Kt. Henp·e time is a measure of the viscosity divided 
by a constant , and the relationship is linear. Conse-
quent~¥- all calculations made on flow time alone are 
valid also for viscosity . Order of reaction is calculated 
from plots of flow time versus time of readings taken in 
the first ten to twenty minutes of the reaction. If the 
relationship is a straight line, dq/dt=K, and the reac-
tion is by definition of zero order. If the reaction is 
a curved line, the relationship is 1/dt log dq=K, and the 
reaction is a first order reaction. 
The apparent order of the reaction has been 
found to be an interesting observation in the enzyme 
studies. Beyond these simple observations, no interpre-
tation of mechanisms of enzyme action is intended. 
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b. Method of Reporting Results of Viscometric 
Measurements . The slope of the line resulting 
from enzymatic hydrolysis was considered a measure of 
enzyme activity. 
When the effect of ions on enzyme activity is 
reported in tabular form, results are presented as per-
centages. The measure of enzyme activity without added 
ions is taken as 100%. Activity in the presence of ions 
is related to this. Consequently inhibition results in 
an activity of less than 100%, and acceleration results 
in an activity greater than 100%. 
2. Acid-Soluble Nucleotides. 
To measure the production of acid-soluble nu-
cleoti~es (ASN), the following mixtures were used, except 
where noted: 1.5 ml of standard DNA substrate, buffer 
and enzyme solution to make a total volume of 2 ml. The 
mixture was allowed to equilibrate at )0°C. before the 
enzyme solution was added. To stop the reaction, the 
solution was chilled in an ice bath for 10 minutes, and 
0.5 ml of 12% perchloric acid was added. The solution 
was clarified by centrifugation, and the absorption of 
the supernatant read at 260mp in a quartz cell in a 
Beckman DU spectrophotometer. The optical density at 
260mp was considered to be a measure of enzyme activity. 
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). Hyperchromic Shift . 
The increase in absorption of DNA of ultra-
violet light at 260mp (hyperchromic shift) due to hydrol-
ysis of the DNA molecule was measured in a Beckman DU 
~pettrophotometer. To assay the hyperchromic shift caused 
by deoxyribonuclease , 2.5 ml of a DNA solution with an 
optical density at 260mp of 0.5 and buffered with 0.16 M 
acetate buffer to pH 5.0 was placed in a quartz spectro-
photometer cell. Enzyme solution was added and the in-
crease in optical density was measured at intervals of 
two to five minutes. 
4. Light Scattering. 
The change in light scattering of a DNA solu-
tion (weight average molecular weight 5.5 x 106, pH 5.0) 
during hydrolysis by calf thymus DNase II was measured 
in a light-scattering apparatus at angles of 90°, 75°. 
60°, 45°, 37.5° and )0° at 5-minute intervals. The 
molecular weight was ca lculated for each measurement, 
and was plotted against time. 
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RESULTS 
I. Behavior of DNase II from Nuclei of Calf Thymus Cell s 
and from Homogenates of Whole Calf Thymus Tissue. 
The percentage content of DNase II in nuclei 
from calf thymus was correlated with that of whole tissue. 
Nuclei were cleaned of cytoplasm by the method of Allfrey, 
Mirsky and Osawa (1957 ) which requires qqueous solvents, 
and by density-gradient centrifugation in organic sol-
vents (Behrens and Taubert, 1952). Nuclei prepared in 
the aqueous solvents had a sp~cific activtty 10% greater 
than that from whole tissue. The DNase II activity of 
nuclei prepared by the procedure of Behrens and Taubert 
had an activity which accounted for S5% of the activity 
measured in the whole tissue . 
Measurements by hyperchromic shift of the action 
of the enzyme extracted from the whole tissue and of the 
enzyme extracted from nuclei (Fig. 1 ) did not show a 
difference in the kinetics of the reaction. 
The actions of the enzymes from the two sources 
were studied by light scattering. The resultant curve 
is presented in Fig . 2. There were no significant differ-
ences except those due to enzyme concentration. 
It was concluded that these results show that 
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variations in distribution of the enzyme in the cell as 
are due to the technique of extraction employed. It was 
observed that the enzyme activity per milligram of nuclei 
was higher in the nuclei purified in organic solvents 
than those purified in aqueous solvents. Evidently enzyme 
was washed from the nuclei prepared in the sucrose sol-
vent, as has been observed by Brown, Jacobs and Laskowski 
(1952), who used a citrate solvent. 
II. Fractionation of DNase II by Column Chromatography. 
Five milligrams of calf thymus DNase II pre-
pared by the method of Bernardi ( 196l ) wer~ chromatographed 
on an Amberlite column according to the method of Koszalka, 
Falkenheim and Altman (1957 ) . The two fractions reported 
by these authors were found. Although they both contained 
DNase II activity, there was no dete ctable difference be-
tween the two fractions in their response to sulfate in-
hibition. 
Calf thymus D ase II was chromatographed on a 
hydroxyapatite column according to the method of Bernardi. 
DNase II was eluted essentially as he reported. 
III. Properties of Spleen DNase II. 
DNase II was purified from calf spleen by 
I 
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ammonium sulfate precipitation. 3.4 mg of the product 
was dissolved in l ml of water. The changes in viscosity 
of DNA. and the production of ASN during hydrolysis were 
measured concurrently. 0.01 ml of the enzyme solution 
was used per 5 ml of DNA, pH 5. The results are shown 
in Fig~ J. The production of acid-soluble nucleotides 
showed a distinct time lag. The loss in viscosity was 
greatest at the start of the experiment, the slope of the 
curve at this time being twice the slope twenty minutes 
later when acid-soluble nucleotide production began. 
The effect of varying concentrations of sub- -
strate on enzyme activity was measured by ASN. The re-
action mixture contained DNA in 2 ml of 0.1 M acetate 
buffer, pH 5, and 0.01 M in EDTA. The results are shown 
in Fig. 4. Substrate is inhibitory. 
The action of dilute Na2so4 was measured by 
ASN in a standard reaction mixture, but at pH 5.9. The 
results are plotted in Fig. 5. Na2so4 is inhibitory. 
The effect of 0.02 M sodium sulfate at pH 5 
was also measured by viscometry, as were MgCl2 , MnCl2, 
sodium citrate and iodoacetic acid. The results are 
given in Table 2. All were inhibitory. 
Spleen DNase II had zero order kinetics during 
hydrolysis. The results obtained with the spleen agree 
extremely well with the reports from other laboratories. 
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S3 
This has served to validate the techniques used, and 
offer a sound basis of comparison with invertebrate DNase. 
TABLE 2 
Action of Ions on DNase II 
Ion 
Control, no ions 
MgCl2 0.02 M Na SOL. 0.02 M 
So3ium Citrate 0.04 M 
Iodoacetic Acid 0.04 M 
MnCl2 
IV. Properties of Frog DNase II. 
Activity 
100% 
57% 
30% 
25% 
Inhibitory 
47% 
DNase activity was found in a homogenate of 
internal organs of the frog Rana pipiens . The activity 
of the DNase was only 2S% of normal in the presence of 
0 . 02 M Na 2so4 , and 32% of normal in the presence of 0.02 
M MgC12• This agrees qualitatively with the report of 
DNase II in the frog by Coleman (1962 ) . The kinetics 
were zero order. 
V. Acid DNase of the Clam , Mercenaria mercenaria. 
Eighty grams of tissue from four clams were 
homogeni zed, brought to pH 5, and clarified by centrifu-
gation. 
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Enzymatic activity was found at pH 5 both by 
viscometry and by measure of the release of acid-soluble 
nucleotides. This activity was not inhibited by 0.01 M 
Na 2so4 • pH 7 activity was found in the presence of 0.02 
M Mgso4 by viscometry, but not by acid-soluble nucleotide 
production. 
During purification of the clam DNase, 100% of 
the enzyme activity at pH 5 was recovered between O.J-0.9 
ammonium sulfate saturation. Further precipitation be-
tween 0.4-0.8 saturation led to some loss of pH 5 activ-
ity, since activity was still measurable in the super-
natant from the 0.8 saturated solution. No pH 7 activ- · 
ity was measurable after this treatment. 
The remaining studies were performed on the 
purified product at pH 5.0. 
The release of acid-soluble nucleotides was 
correlated with loss of viscosity of substrate DNA acted 
upon by the enzyme. 0.2 ml of a 1 mg/ml solution of the 
clam enzyme were added to 5 ml of standard DNA substrate 
in the viscometer, and the time recorded. For ASN, in 
the concentration of 0.2 ml/5 ml,DNA was added to a DNA 
solution in a separate vessel, and a blank was immediately 
removed. Loss of viscosity was recorded, and periodically 
an aliquot was removed from the solution for the deter-
mination of ASN. Loss of viscosity and production of 
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acid-soluble nucleotides were plotted from time zero to 
correct for the difference in time of mixing the enzyme 
with the two solutions. The results are shown in Fig. 6. 
Loss in viscosity starts immediately. There does not 
appear to be a lag in ASN production. 
Hyperchromic shift of DNA was measured by ad-
dition of 0.15 ml of enzyme solution to 2.5 ml of DNA, 
OD .492. Fig. 7 shows the results. The total hyper-
chromic extinction is approximately 30%. There is a 
slight lag before hyperchromicity begins. 
The pH optimum of the enzyme occurs between 
pH 5.0 and pH 5.5, and from the shape of the curve, would 
appear to lie closer to pH 5.0 than pH 5.5. Action was 
not measurable at pH 4.0, nor at pH 7.0 (0.1 M phosphate 
buffer ). The results are shown in Fig. S. 
The influence of varying concentrations of 
MgCl2 on enzyme activity was measured by viscometry, and 
is plotted in Fig. 9. MgCl2 accelerates the reaction, 
and has a maximum near 0.03 M. 
The influence of sodium sulfate was studied by 
the same technique, and the results are presented in Fig. 
10. Sodium sulfate accelerates the enzyme reaction. No 
maximum was found. 
The action of 0.04 M MnCl2 was studied by vis-
cometry. It accelerated the reaction JJ%. · 
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The action of sodium ci trate was studied at 
several concentrations, and the results are presented in 
Fig. 11. Sodium citrate a ccelerates the reaction, and 
has a maximum effect between 0.02 and 0.06 M. 
EDTA at 0.04 M also ac celerates the reaction 
0.04 M iodoacetic acid did not inhibit the 
enzyme action. 
The enzyme did not appear to be active on heat-
denatured DNA. 
The clam enzyme shows first order kinetics. 
Except for pH optim~m, the behavior of the 
DNase from clam toward ions is the antithesis of the 
spleen DNase II. 
VI. Acid DNase of the Lobster, Homarus americanus. 
Tissue of a female lobster was assayed for en-
zymes active at pH 5 and 7. The tissue consisted of im-
mature ovary, digestive gland and muscle. 
0.1 ml of pH 5 soluble protein supernatant was 
added to 5 ml of DNA at pH 5 and pH 7. An activity was 
measured at either pH. The activity at pH 5 was acceler-
ated 185% by 0.02 M Mgso4, while the activity at pH 7 
was not influenced. The reaction at pH 5 was first order. 
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The distribution of the enzymes in the female 
lobster tissue was investigated. Muscle, digestive gland 
and immature ovary were separately homogenized, brought 
to pH 5 and centrifuged. Nearly all the pH 5 and pH 7 
activity is found in the digestive gland. No activity 
was found in muscle. No pH 7 activity was measured in 
the immature ovary , -a pH 5 activity was found that had 
less activity per gram of tissue than the pH 5 activity 
from the digestive gland. 
The activity curves at pH 5 and pH 7 of the en-
zymes from the digestive gland were of zero order. 
The enzyme solution from the digestive gland 
was frozen at -20°C. for 26 days. Upon reassay there 
was approximately a 20% loss in activity. 
The influence of 0.02 M MgC12, 0.02 M Na2so4 , 
0.04 M MnC12 , 0.02 M sodium citrate, and 0.04 M iodo-
acetic acid was measured on the enzyme reaction at pH 5. 
The results are tabulated in Table J. 
TABLE 3 
Effect of Ions on Activity of Lobster Acid DNase 
Ion 
Control, no ions 
MgC12 0.02 ~ Na2SO 0.02 M Sodiu~ Citrate 
MnCl 0.04 M Iodo~cetic Acid 
Activity 
}09% 
.395% 
147% 
lZ..O% 
370% 
No Inhibition 
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All ions accelerated the reaction. The viscosity of the 
solution containing the iodoacetic acid first decreased 
at a rate slightly more rapid than the control, but began 
to diminish slowly as the reaction proceeded. 
It is concluded that the lobster acid DNase is 
similar to the acid DNase of the clam. 
VII. Acid DNase of the Worm, Tubifex tubifex ( o. F. Mnller, 177 4 )~ 
0.25 ml of pH 5 soluble protein was assayed by 
viscometry in 5 ml of DNA at pH 5 and pH 7. Activity was 
found at each pH. 
The influence of several ions on the enzyme ac-
tion at pH 5 was studied by viscometry. 0.1 ml of the 
enzyme solution was placed in 5 ml . of DNA. The effect 
of 0.02 M Na2so4 , 0.02 M MgC12, 0.04 M MnClz, 0.02 M 
NaCit., and 0.04 M iodoacetic acid are presented in Table 
4. Iodoacetic acid had no influence on the reaction. 
The other ions accelerated the rate of hydrolysis. 
TABLE 4 
Effect of Ions on Activity 
of Tubifex Acid DNase 
Ion 
Control, no ions 
MgC12 0.02 M Na2so4 0.02 M Sodium Citrate 
MnC12 0.04 M Iodoacetic Acid 
Activity 
100% 
16S% 
122% 
142% 
137% 
No Inhibition 
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The enzyme from this worm is of the same type as that of 
the clam. 
VIII. Acid DNase of the Green Sea Urchin, StrongYlo-
centrotus droehbachiensis. 
The pH 5 soluble protein supernatant from homo-
genized sea urchins was assayed for activity at pH 5 and 
pH 7 by the viscometric procedure. 0.1 ml of the enzyme 
solution was placed in 5 ml of DNA. Strong activity was 
present at pH 5, but there was practically no activity 
at pH 7 in the presence of 0.02 M Mgso4 • 
The enzyme activity at pH 5 was further inves-
tigated in the presence of 0.02 M Na2so4, and 0.02 M 
MgC12 • The enzyme was unaffected by 0.02 M Na2so4, and 
was inhibited 15% by 0.02 M MgC12• The reaction was 
first order. 
These results, strikingly different from those 
obtained for the acid DNase of the clam, the lobster, 
and tubifex, made a study of the enzyme at greater purity 
of value. 
After purification by ammonium sulfate fraction-
ation, a product was obtained that was four times as 
active as an equal weight (1 mg/ml) of the purified enzyme 
from the clam. Furthermore, it was observed that the loss 
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of viscosity of the substrate was zero order, unlike the 
reaction with the impure preparation. 
The purified enzyme preparation was dissolved 
at a concentration of 1 mg/ml of distilled water. 0.05 
ml of this solution was used per 5 ml of DNA. 
The same study was performed on the Echinoderm 
acid DNase as was made on that of the clam. 
The pH optimum lies approximately at pH 5 (see 
Fig. 12). 
Sodium sulfate is inhibitory over the range of 
0.01 M to 0.04 M (Fig. 13 ) as is MgCl2 (Fig. 14). 
Sodium citrate is inhibitory ver the range of 
0.01 M to 0.04 M {Fig. 15). The slope of the curve be-
tween the point where there was no citrate present and 
0.01 M sodium citrate is less than between 0.01 to 0.04 
molar. This would suggest that a low concentration of 
sodium citrate, while in itself inhibitory, is also 
chelating cationic inhibitors. 
0.04 M MnC12 inhibits the reaction 30%. 
Although in the presence of 0.04 M' iodoacetic 
acid the reaction starts at a velocity near normal, it 
quickly decreases, which indicates inhibition. 
The results of a concurrent experiment designed 
to relate the production of ASN as related to vis cosity 
are shown in Fig. 16. The enzyme concentration was 0.05 ml 
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enzyme solution to 5 ml DNA. There does not seem to be 
any great lag in acid-soluble nucleotide production. 
However, there is strikingly less ASN produced by the 
Echinoderm preparation than is produced by the less ac-
tive clam fraction run under simi:larr conditions. 
The hyperchromic shift shown in Fig. 17 has a 
slight lag. There is a total extinction of 35%. 
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DISCUSSION 
The results show that the response to ions of 
acid Nase of the clam differs from that of mammalian 
DNase II. However, its pH optimum is similar to that of 
mamma ian DNase II, and from the abrupt loss in viscosity 
by DN as it is hydrolyzed, the clam enzyme seems also 
to be an endonucleotidase. The enzyme active at pH 5 
from he lobster digestive gland and the worm are similar 
to th clam acid DNase in their response to ions. How-
ever, the sea urchin enzyme is clearly of the mammalian 
DNase II type. 
For the purposes of discus~ion, the results are 
summarized in Table 5. 
TABLE 5 
Effect of Ions on the Activity of Vertebrate 
and Invertebrate Acid DNase 
Ion Clam Lobster Worm Urchin Mammal 
MgCl2 0.02 M 250% 395% 168% 75% 57% 
MgCl6 0.04 M 260% 60% Na 2s 4 0.02 M 167% 147% 122% 77% 30% Na~~o4 0.04 M 192% 65% So J.um 
Citrate 0.02 M 273% 140% 142% 72% 
Sodium 
Citrate 0.04 M 300% 50% 25% 
*Iodoacetic 
Acid 0.04 M No No No Yes Yes 
MnCl 2 0.04 M 330% 370% 137% 70% 47% 
~' Strong inhibition 
Frog 
32% 
28% 
Activities in the presence of ions aiu related to the 
activity of the control for each enzyme without ions. The 
activity of the control is taken as 100%. 
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From the table, it can be seen that in the in-
vertebrates cations accelerate the reaction to a greater 
extent than do anions. Although sodium citrate removes 
divalent cations from the medium, it also accelerates the 
reaction, possibly removing inhibitors. 
Although these experiments were not especially 
designed to show quantitative responses, it is clear that 
the enzyme from the worm Tubifex is not accelerated by 
cations to the degree that the enzyme from the clam and 
lobster are. This may mean that there are differences 
between the enzymes, or that there are impurities in the 
Tubifex homogenate. This could be tested by purification 
of the Tubifex enzyme. 
The reaction to iodoacetic acid has not always 
been clear. In the clam and lobster the latter part of 
the reaction was slightly slowed by iodoacetic acid, 
while it was not in the worm. If it is inhibitory to 
the clam and lobster enzyme, it would not seem to be 
acting very effectively in spite of its high concentra-
tion. The enzyme from the urchin and calf spleen were 
very clearly inhibited, which would suggest they require 
-SH groups for activity (Dickman, 1961). 
While the enzyme from the sea urchin is defi-
nitely of the DNase II type, its response to ions is not 
quantitatively ~he same as that of the spleen. In the 
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spleen, the order of increasing inhibition is Mn<Mg<so4< 
citrate, while in the sea urchin it is Mg<S04<Mg<citrate • 
. 
Manganese is placed first in the series since at twice 
the molarity of magnesium it was only slightly more in-
hibitory. Although in the urchin the values are close 
enough together not to have a significant difference 
(except for citrate), this in itself is different from 
the response of the spleen. 
The measurements of the frog enzyme are included 
to demonstrate the wide range of DNase II in the vertebrates. 
The order of reaction was found to be of zero 
order for the spleen and frog DNase II, although Fredericq 
and Oth (1958) found the release of ASN from DNA by spleen 
DNase II obeyed first order kinetics. 
In the invertebrates, the order of the reaction 
appeared to depend on the purity of the enzyme used, al-
though this was not true for the clam. 
When muscle, ovary, and digestive gland of the 
lobster were homogenized together, and acid DNase assayed, 
the reaction was zero order. 
The enzyme from homogenized Tubifex showed 
first order kinetics. 
The enzyme from the sea urchin homogenate acted 
with respect to first order kinetics. After purification, 
the reaction was zero order. 
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A measurement of the hyperchromic shift of DNA 
during hydrolysis by the enzyme from the clam, echinoderm 
and spleen DNase II did not show any great differences. 
In all cases there was a lag. Since the end-point of the 
reaction is difficult to determine, it is not possible 
to conclude whether the differences in extinction are 
significant. 
The theoretical implications of acid nucleotide 
production are difficult to assess. Bernardi (personal ) 
communication ) states that he has observed that there 
may be no production of ASN by DNase II before the mo-
lecular weight of DNA has reached one hundred thousand. 
Fig. 3 supports this observation. Spleen DNase II, puri-
fied by sulfate precipitation, causes a large drop in 
viscosity before there is a start in ASN production. Yet 
. Oth, Fredericq and Hacha (1958), using a spleen DNase II 
purified by ammonium sulfate precipitation and chroma-
tography claimed never to have observed a lag in ASN 
production. 
Consequently, the immediate production of ASN 
by the clam and sea urchin DNase may possibly result from 
low molecular weight DNA in the substrate. 
The extent of ASN production at the end of 
thirty minutes between the enzyme from the urchin and the 
spleen DNase II is similar, considering differences in 
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enzyme concentration. The clam enzyme, however, produced 
a greater amount of ASN in this time . This may show that 
the clam enzyme is not as preferentially as endonucleotid-
ase as DNase II. 
In summary, the acid DNase of the clam, lobster 
and tubifex can be said to represent a class of deoxyri-
bonucleotidases which are active at acid pH, are activated 
by divalent cations and by anions, but do not require them 
for activity. 
The acid DNase of the echinoderm is of the 
DNase II type, and is inhibited by high concentrations of 
divalent cations and anions. 
It is recommended that the DNase of the cl am, 
lobster and worm be referred to as acid DNase, and not as 
DNase II, the properties of which have been defined through 
usage, and are different from the enzyme of the lower in-
vertebrates. 
In spite of the differences in response to 
ions exhibited between the invertebrate acid DNase and 
DNase II, acid DNase of invertebrates may have as wide a 
distribution in tissues as the vertebrate cDNase II. Evi-
dence for this can be gained from a study of the distribu-
tion of the enzymes in the lobster. The digestive gland 
of the lobster had an activity at pH 5 and pH 7 that was 
equal. In the ovary there was no ~ activity at pH 7, 
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but a significant activity at pH 5. No actiiity could be 
measured in the muscle. The animals used were in an in-
active state as far as growth and reproduction were con-
cerned. However, the results in the lobster do suggest 
that acid DNase is a general tissue enzyme and not just 
associated with a digestive organ. 
The division that has been found between the 
characteristics of the acid deoxyribonucleases of the ver-
tebrates and the invertebrates may contribute evidence to 
the study of phylogeny and evolution. 
Deoxyribonucleases are associated with deoxyri-
bonucleic acid, one of the components that has been found 
in all cellula~ organisms studied, and with which is 
associated the basic function of heredity, and .concomi-
tantly, evolution. If the acid DNases are associated 
primarily with DNA metabolism rather than hydrolysis of 
ingested DNA (as is presumed to be the function of pan-
creatic DNase), these enzymes will reflect fundamental 
evolutionary developments. 
The phylogenetic chart in Fig. 18 shows the 
hypothesized ancestral relationships between the animal 
phyla. The phylogenetic distribution of acid deoxyri-
bonuclease would seem to reflect the ancestral evolution 
of the .phyla for the reasons described below. 
The acid DNase of the Echinodermata has char-
acteristics simil ar to that of the vertebrate DNase II. 
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From Fig. 18 it can be seen that the echinoderms have the 
same ancestral Dipleurula-like larva as do the vertebrates. 
The acid DNases from an annelid, an arthropod 
and a mollusc have been found to represent a class of 
DNase which is distinct from DNase II. These three phyla 
are related by a Trochophore-like ancestor. 
A very extensive study reviewed by Prosser and 
Brown (1961) has been performed on the phylogenetic dis-
tribution of the phosphogens. Although the phosphogens 
are different in chemistry and function from enzymes, the 
result of the study of their distribution shall be pre-
sented, since it is relevant to the discussion of acid 
deoxyribonuclease. 
The role of the phosphogens is to phosphory-
late adenosine diphosphate during muscle contraction 
(Prosser and Brown, 1961; p. 430-431). There are about 
six known phosphogens, but the most common are phosphoryl-
creatine (PC) and phosphorylarginine (PA). Table 6 shows 
the distribution in several groups. 
While phosphorylarginine is found in nearly all 
invertebrates, phosphorylcreatine appears in the echinoids, 
and is the only phosphogen found in vertebrates. 
TABLE 6 
(Prosser and Brown, 1961) 
7'6 
Distribution of Phosphorylarginine and Phosphorylcreatine 
Amongst Vertebrates and Invertebrates 
Group 
Coelenterates 
Nemerteans 
Sipuncu1ids 
Molluscs 
Arthropods 
Echinoderms 
Asteriods 
Holothurians 
Echinoids 
3 species 
Adults 
4 species 
Proto chordates 
Hemichordates 
Ascidians Ascidia 
Pyura 
Styela 
Cephalochordates 
Vertebrates 
Phosphoryl-
arginine 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Phosphoryl-
creatine 
+ 
+ 
+ 
+ 
+ 
+ 
The distribution of the acid DNases has similar-
ities to the distribution of the phosphogens, particularly 
in the change that occurs in the echinoids. It would also 
be of value to study the characteristics of the DNase of 
other echinoderms which have phosphorylarginine. It will 
be interesting to determine whether acid DNase of other 
phyla is as constant as is the occurance of phosphoryl-
arginine, or reflects further differences of ancestral 
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development although no causal relation between the two 
chemicals is implied. 
It is not known how closely the invertebrate 
acid DNase is related in function and structure to the 
vertebrate DNase II, or whether DNase II arose from a 
mutation of the invertebrate acid DNase. A protein may 
vary from species to spe cies in some of its amino acid 
sequences, and yet still perform the same function. 
This i s the case for melanophore-stimulating hormone 
(MSH ). The terminal amino acids of beta-MSH from sev-
eral vertebrate species are presented in Table 7 
(from Keil, 1962 ) . 
TABLE 7 
(Keil, 1962 ) 
Amino Acid Sequen ce of Beta MSH in Five Sp~cies 
Species 1 2 3 4 5 6 10 20 22 
Human ala. glu. lys. lys . asp. glu. arg. pro. asp. 
Monkey asp . glu. arg. pro. asp. 
Pig asp. glu. lys. pro. asp. 
Bovine asp. ser. lys. pro. asp. 
Horse asp. glu. lys. arg. asp. 
The position of the amino acid in the protein is 
shown by the numbers which appear at the top of the 
table. 
Differences in amino-acid sequence have also 
been found in hemoglobin from different spe cies (Keil, 1962 ). 
eo 
It is certain that differences exist in the 
amino acid sequence between the inver~ebrate acid DNase 
and the vertebrate DNase II; for one thi~g, their responses 
to ions differ. If magnesium accelerates the invertebrate 
acid DNase by the same mechanism as it accelerates DNase 
II, which is postulated to be by binding the enzyme to 
the substrate (Oth, Fredericq and Bacha, 195S), the points 
of attachment of the invertebrate acid DNase to the sub-
strate may be considerably more negative than those of 
DNase II. Invertebrate acid DNase is accelerated by 
concentrations of magnesium which are inhibitory to DNase 
II. The mechanism by which anions accelerate the inverte-
brate acid DNase are not known, but this again suggests 
differences in structure between the enzymes. 
How the differences in amino acid structure 
between the enzymes ·are related to their function will 
have to await further research. 
$1 
SUMMARY 
Deoxyribonucleases active at an acid pH were 
extracted from representatives of four invertebrate phyla 
(Echinodermata, Mollusca, Arthropoda and Annelida) and 
compared with vertebrate deoxyribonuclease II with respect 
to ionic requirements. 
The acid deoxyribonuclease from the mollusc, 
Mercenaria mercenaria, was purified by ammonium sulfate 
precipitation. It was found to have a pH optimum which 
lay between 5.0 and 5.5. The activity of this enzyme 
was accelerated by magnesium chloride, manganese chloride, 
sodium sulfate and sodium citrate. Iodoacetic acid was 
not inhibitory to the enzyme. As the response of an en-
zyme active at pH 5 from a •homogenate of the digestive 
gland of Homarus americanus, and Tubifex tubifex (O.F. 
" ) Muller, 1774 to these ions was qualitatively similar 
to that of the mollusc, it was concluded that the deoxy--
ribonucleases from these three species represent a class 
of deoxyribonucleotidases which is distinct from the verte-
brate deoxyribonuclease II. 
The acid deoxyribonuclease from the echinoid, 
Strong~locentrotus droebachiensis was purified by ammonium 
sulfate precipitation. It was found to have an optimum 
pH near 5. Its response to ions demonstrates the enzyme 
to be of the same class as the vertebrate deoxyribo-
nuclease II. 
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The significance of these findings to phylogeny 
was discussed . 
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ABSTRACT 
Characteristics of deoxyribonuclease II from 
calf thymus and spleen were described and verified by 
the following experimental procedures. Nuclei from 
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calf thymus were prepared free of cytoplasm both by 
washing homogenized tissue in sucrose solutions, and by 
density gradient centrifugation in organic solvents. 
The action of the enzyme from nuclei and from a thymus 
homogenate was found to be similar when measured by light 
scattering and hyperchromic shift. Deoxyribonuclease II 
from calf spleen was purified by ammonium sulfate pre-
cipitation. Further purification of the enzyme on col-
umn chromatography resulted in fractions similar to those 
reported in the literature. The effect of sodium sulfate 
on the activity of splenic DNase II, purified by ammonium 
sulfate precipitation, was measured by the production of 
acid-soluble nucleotides from deoxyribonucleic acid dur-
ing hydrolysis. The effect of the sulfate ion was also 
measured by viscometry, as was the effect of magnesium 
chloride, manganese chloride, sodium citrate and iodo-
acetic acid. The substances were all found to be inhibi-
tory, which is in agreement with the results reported in 
the literature. 
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Deoxyribonucleases active at an acid pH were 
extracted from representatives of four invertebrate phyla 
(Echinodermata, Mollusca, Arthropoda and Annelida) and 
compared with vertebrate deoxyribonuclease II with respect 
to ionic requirements and pH optima. 
The acid deoxyribonuclease from the mollusc, 
Mercenaria mercenaria, was purified by ammonium sulfate 
precipitation. It was found to have a pH optimum between 
5.0 and 5.5, which is similar to that of vertebrate deoxy-
ribonuclease II. However, the following ions, in con-
centrations which are inhibitory to vertebrate deoxyri-
bonuclease II, were found to accelerate the activity of 
this enzyme: magnesium chloride, manganese chloride, 
sodium sulfate and sodium citrate. Iodoacetic acid was 
not inhibitory to t -he enzyme. 
Enzymes active at pH 5 obtained from homogenates 
of the ovary and digestive gland of the arthropod, Homarus 
americanus, and from the annelid Tubifex tubifex (O.F. 
Mllller, 1774} were found to react to the above ions in 
a manner which was qualitatively similar to that of the 
enzyme from the clam. 
It was concluded that the acid deoxyribonucleases 
of the clam, lobster, and Tubifex represent a class of 
deoxyribonucleotidases which are active at an acid pH, 
and are activated by divalent cations and by anions, but 
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do not require them for activity. 
The acid deoxyribonuclease from the echinoid, 
Strongylocentrotus droebachiensis, was purified by ammo-
nium sulfate pre cipitation. It was found to have an op-
timum pH near 5 . ~. The enzyme was found to be inhibited 
by magnesium chloride, manganese chloride, sodium sulfate, 
sodium citrate, and by ~odoacetic acid. As the response 
to these substances was qualitatively similar to that of 
the vertebrate enzyme, it was concluded that the enzyme 
from this echinoderm is of the same class as the verte-
brate deoxyribonuclease II. 
This constitutes the first description of in-
vertebrate acid deoxyribonuclease reported in the liter-
ature. T~e significance of these findings to phylogeny 
was discussed. 
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